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(54) LIGHT-EMITTING DEVICE, BACKLIGHT UNIT INCLUDING THE DEVICE, AND DISPLAY 
APPARATUS INCLUDING THE UNIT

(57) Embodiments provide a light-emitting device in-
cluding a light source, and a lens disposed above the
light source. The lens includes a lower part having a first
recess formed in an optical-axis direction so as to face
the light source, and an upper part having a second re-
cess formed in the optical-axis direction so as to be op-
posite to the lower part. The first recess and the second
recess are spaced apart from each other by a separation
distance within a range from 1 mm to 4.7 mm on an op-
tical-axis.
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Description

TECHNICAL FIELD

[0001] Embodiments relate to a light-emitting device,
a backlight unit including the device, and a display ap-
paratus including the unit.

BACKGROUND

[0002] A conventional light-emitting device including
light-emitting diodes has a dome-shaped lens. At this
time, the light-emitting device may problematically and
undesirably emit light to a particular region surrounding
the optical axis.
[0003] In addition, the light-emitting device may be ap-
plied to a backlight unit, and the backlight unit may be
applied to a display apparatus.
[0004] The backlight unit may be divided into an edge-
type backlight unit and a direct-type backlight unit based
on the arrangement of a light source such as light-emit-
ting diodes. In particular, the direct-type backlight unit
may use light-emitting diodes for Lambertian light emis-
sion. Light emitted from the light-emitting diodes may
spread by an optical sheet to thereby be directed to liquid
crystals of the display apparatus. At this time, a lens,
which is adopted in order to prevent the high intensity of
light emitted from the light source from being viewed im-
mediately above the liquid crystals, serves to increase
the view angle of light emitted from the light-emitting di-
odes, thereby causing the light to be directed in the lateral
direction. However, the conventional light-emitting de-
vice including the lens and the light-emitting diodes are
configured to emit light only at a limited distance due to
limitations in terms of the shape and size thereof.

SUMMARY

[0005] Embodiments provide a light-emitting device,
which has a small thickness, a wide fill width at half max-
imum and even illuminance, a backlight unit including the
device, and a display apparatus including the unit.
[0006] In one embodiment, a light-emitting device in-
cludes a light source and a lens disposed above the light
source, wherein the lens includes a lower part having a
first recess formed in an optical-axis direction so as to
face the light source, and an upper part having a second
recess formed in the optical-axis direction so as to be
opposite to the lower part, wherein the first recess and
the second recess are spaced apart from each other by
a separation distance within a range from 1 mm to 4.7
mm on an optical-axis direction.
[0007] In another embodiment, a light-emitting device
includes a light source and a lens disposed above the
light source, wherein the lens includes a lower part having
a first recess formed in an optical-axis direction so as to
face the light source, and an upper part having a second
recess formed in the optical-axis direction so as to be

opposite to the lower part, wherein a side surface of the
lower part and the upper part includes an inclination angle
within a range from -10° to +10°. The inclination angle of
the side surface may be within a range from 0° to 10°.
[0008] For example, the inclination angle of the side
surface may be within a range from 0° to 10°, the side
surface may be flat, and the lens may have a thickness
within a range from 4.5 mm to 7 mm.
[0009] For example, the first recess and the second
recess may be symmetrical with respect to the optical
axis in a direction intersected with the optical axis. The
first recess may have a maximum width smaller than a
maximum width of the second recess in a direction inter-
sected with the optical-axis direction.
[0010] For example, a distance between a deepest
point of the first recess and a light-emitting surface of the
light source in the optical axis may be smaller than a
maximum width of the first recess in a direction intersect-
ed with the optical-axis direction.
[0011] The first recess may include a first area having
an increasing depth with decreasing distance to the op-
tical axis, and a second area located around the perim-
eter of the first area, the second area having a constant
depth.
[0012] For example, the lower part may include a first
bottom portion having a first bottom surface defining the
first recess, and a second bottom portion adjacent to the
first bottom portion, the second bottom portion having a
flat second bottom surface.
[0013] For example, the light source may have a top
surface located under an imaginary horizontal plane ex-
tending from the second bottom surface, or located
above the imaginary horizontal plane. At least a portion
of the light source may be located inside the first recess.
[0014] For example, the first bottom surface may have
a first radius of curvature suitable for refracting light, emit-
ted from the light source and introduced thereto, toward
a top surface of the lens defining the second recess, and
the top surface of the lens may have a second radius of
curvature suitable for reflecting the light, refracted at the
first bottom surface, toward a side surface of the lens.
[0015] For example, a first angle between an optical
axis and light emitted from the light source to thereby be
introduced to the first bottom surface may be greater than
a second angle between the optical axis and an extension
line of light refracted at the first bottom surface to thereby
be directed to a top surface of the lens.
[0016] In another embodiment, a backlight unit in-
cludes the light-emitting device, an upper plate disposed
above the lens, and a lower plate disposed under the
light source and the lens. For example, the upper plate
may include at least one of a diffuser plate, a prism sheet,
or a polarizer plate. The lower plate may include at least
one of a reflective sheet, a printed circuit board, or a
radiator plate. The backlight unit may have a thickness
of 10 mm or less.
[0017] In a further embodiment, a display apparatus
includes the backlight unit, and a display panel disposed
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at an upper side of the backlight unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Arrangements and embodiments may be de-
scribed in detail with reference to the following drawings
in which like reference numerals refer to like elements
and wherein:

FIGs. 1A and 1B are respectively a top perspective
view and a bottom perspective view of a light-emit-
ting device according to one embodiment;
FIG. 2 is a sectional view of the light-emitting device
taken along line I-I’ illustrated in FIG. 1;
FIG. 3 is a sectional view of a light-emitting device
according to another embodiment;
FIG. 4 is a sectional view of a backlight unit according
to an embodiment;
FIGs. 5A and 5B are graphs illustrating the area of
an orthographic projection plane relative to the area
of a light source;
FIG. 6 is a graph illustrating the height of a lens rel-
ative to the area of the light source;
FIG. 7 is a graph illustrating normalized total power
relative to the thickness of the lens;
FIG. 8 is a graph illustrating normalized total power
relative to the vertical distance between first and sec-
ond recesses on the optical axis;
FIG. 9 is a graph illustrating normalized total power
relative to the first angle;
FIG. 10 is a graph illustrating the full width at half
maximum relative to the first angle;
FIG. 11 is a graph illustrating the thickness of the
backlight unit relative to the fourth angle; and
FIG. 12 is a perspective view schematically illustrat-
ing a display apparatus according to an embodiment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0019] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings to aid in understanding of the embodiments.
However, the embodiments may be altered in various
ways, and the scope of the embodiments should not be
construed as limited to the following description. The em-
bodiments are intended to provide those skilled in the art
with more complete explanation.
[0020] In the following description of the embodiments,
it will be understood that, when each element is referred
to as being formed "on" or "under" the other element, it
can be directly "on" or "under" the other element or be
indirectly formed with one or more intervening elements
therebetween. In addition, it will also be understood that
"on" or "under" the element may mean an upward direc-
tion and a downward direction of the element.
[0021] In addition, the relative terms "first", "second",
"upper", "lower" and the like in the description and in the
claims may be used to distinguish between any one sub-

stance or element and other substances or elements and
not necessarily for describing any physical or logical re-
lationship between the substances or elements or a par-
ticular order.
[0022] FIGs. 1A and 1B are respectively a top perspec-
tive view and a bottom perspective view of a light-emitting
device 100A according to one embodiment, and FIG. 2
is a sectional view of the light-emitting device 100A taken
along line I-I’ illustrated in FIG. 1. For convenience of
illustration, a light source 110 of the light-emitting device
100A illustrated in FIG. 2 is omitted in the light-emitting
device 100A illustrated in FIGs. 1A and 1B.
[0023] Referring to FIG. 2, the light-emitting device
100A according to the embodiment includes the light
source 110 and a lens 120A.
[0024] The light source 110 may include Light-Emitting
Diodes (LEDs). For example, although the light source
110 including the LEDs may emit light at a view angle of
about 120° surrounding the direction in which the light-
emitting surface faces, the embodiment is not limited to
the angle.
[0025] LED packages constituting the light source 110
may be divided into top-view type LED packages and
side-view type LED packages based on the direction in
which the light-emitting surface faces, and the present
embodiment is not limited to this division.
[0026] In addition, the light source 110 may be com-
prised of colored LEDs or white LEDs, which emit light
of at least one color among, for example, red, green, and
blue. In addition, the colored LEDs may include at least
one of red LEDs, blue LEDs, or green LEDs, and the light
emitted from the LEDs may be changed within the tech-
nical range of the embodiment.
[0027] Referring to FIGs. 1A, 1B and 2, the lens 120A
may be disposed on the light source 110, and may include
an upper part UP and a lower part LP.
[0028] First, the lower part LP of the lens 120A may
include a first recess R1. The first recess R1 may be
formed in the direction of the optical axis 112 so as to
face the light source 110.
[0029] In one embodiment, the first recess R1 may in-
clude a first area A1 and a second area A2. In the first
area A1, the first recess R1 may have a greater depth
with decreasing distance to the optical axis 112. Here,
the depth is defined so as to increase with increasing
distance from the light source 110. The second area A2
may be located at the perimeter of the first area A1 and
may have a constant depth. That is, unlike the first area
A1, although the first recess R1 may have a constant
depth in the second area A2 regardless of the distance
to the optical axis 112, the embodiment is not limited
thereto.
[0030] FIG. 3 is a sectional view of a light-emitting de-
vice 100B according to another embodiment.
[0031] The first recess R1 of the light-emitting device
100A illustrated in FIG. 2 includes the first area A1 and
the second area A2, whereas the first recess R1 of the
light-emitting device 100B illustrated in FIG. 3 includes
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only the first area A1 without including the second area
A2.
[0032] In addition, in the light-emitting device 100A il-
lustrated in FIG. 2, the side surface SS of the lens 120A
may not be a vertical surface, but may be inclined by a
first angle θ1 relative to an imaginary vertical line 114
parallel to the optical axis 112. Here, that the side surface
SS of the lens 120A is a vertical surface means that the
first angle θ1 is 0°.
[0033] In the following description, in the case where
the upper part UP of the lens 120A has a smaller width
W2 than the lower part LP, it may be defined that the first
angle θ1 has a negative value. In addition, in the case
where the upper part UP of the lens 120B has a greater
width W2 than the lower part LP, it may be defined that
the first angle θ1 has a positive value. Here, the width
W2 of the upper part UP of the lens 120A or 120B may
mean the minimum width or the maximum width of the
upper part UP of the lens 120A or 120B, or the width of
the top surface TS of the upper part UP of the lens 120A
or 120B in the direction (e.g., the x-axis) intersected with
the direction of the optical axis 112 (e.g., the y-axis). In
addition, the width of the lower part LP of the lens 120A
or 120B may mean the minimum width or the maximum
width of the lower part LP of the lens 120A or 120B.
[0034] For example, the width W2 of the upper part UP
of the lens 120A or 120B may mean, in the x-axis, the
minimum width of the upper part UP of the lens 120A (or
the width of the top surface TS of the upper part UP of
the lens 120A) in the case of FIG. 2, and may mean, in
the x-axis, the maximum width of the upper part UP of
the lens 120B (or the width of the top surface TS of the
upper part UP of the lens 120B) in the case of FIG. 3.
[0035] In addition, the width of the lower part LP of the
lens 120A or 120B may mean, in the x-axis, the maximum
width of the lower part LP of the lens 120A in the case
of FIG. 2, and may mean, in the x-axis, the minimum
width of the lower part LP of the lens 120B in the case
of FIG. 3.
[0036] Hereinafter, although the width W2 of the upper
part UP and the width of the lower part LP of the lens
120A or 120B have been described with reference to
FIGs. 2 and 3, the embodiments are not limited thereto.
[0037] The light-emitting device 100B illustrated in
FIG. 3 is identical to the light-emitting device 100A illus-
trated in FIG. 2 except for the above-described differenc-
es.
[0038] In addition, referring to FIGs. 2 and 3, the lower
part LP of the lens 120A or 120B may include a first bot-
tom portion B1 and a second bottom portion B2. The first
bottom portion B1 illustrated in FIGs. 2 and 3 includes a
first bottom surface 122A or 122B defining the first recess
R1. The second bottom portion B2 includes a second
bottom 124 which is flat and is adjacent to the first bottom
portion B1. The first bottom portion B1 illustrated in FIG.
2 may further include third bottom surfaces 126 and 128.
[0039] In the case of FIG. 2, the first bottom surface
122A in the first area A1 has a curved shape, whereas

the third bottom surfaces 126 and 128 in the second area
A2 have a flat shape. In addition, in the case of FIG. 3,
the first bottom surface 122B has a curved shape. In ad-
dition, the second bottom surface 124 illustrated in FIGs.
2 and 3 have a flat shape. However, each of the first
bottom surface 122A or 122B, the second bottom surface
124, and the third bottom surfaces 126 and 128 of the
embodiments is not limited to specific shapes, and may
have various other shapes excluding the illustrated
shapes.
[0040] The vertical separation distance between the
first bottom surface 122A or 122B in the first area A1 and
an imaginary horizontal plane PH may increase with de-
creasing distance to the optical axis 112, and may de-
crease with increasing distance from the optical axis 112.
Here, the imaginary horizontal plane PH may mean the
horizontal plane including the second bottom surface
124, or may mean the horizontal plane that extends from
the second bottom surface 124 in the direction (e.g., the
x-axis) intersected with the direction of the optical axis
112 (e.g., the y-axis).
[0041] In addition, a top surface 110A of the light
source 110 may be located under the imaginary horizon-
tal plane PH, without being limited thereto.
[0042] Alternatively, the top surface 110A of the light
source 110 may be located above the imaginary horizon-
tal plane PH. In this case, at least a portion of the light
source 110 may be located inside the first recess R1, or
the entire light source 110 may be located inside the first
recess R1.
[0043] In addition, according to the embodiment, the
vertical separation distance d between the deepest point
P1 of the first recess R1 in the optical-axis direction (e.g.,
the y-axis) (or a point at which the optical axis 112 and
the first bottom surface 122A or 122B intersect each oth-
er) and the light-emitting surface 110A of the light source
110 may be smaller than the width of the first recess R1
(e.g., the first width W1 that is the maximum width of the
first recess R1) in the direction (e.g., the x-axis) intersect-
ed with the optical-axis direction.
[0044] Referring to FIGs. 2 and 3, a second angle θ2
means the angle between the optical axis 112 and light
LP1 which is emitted from the light source 110 and intro-
duced to the first bottom surface 122A or 122B. That is,
the second angle θ2 may correspond to the divergence
angle of light LP1 emitted from the light source 110 and
may correspond to a half angle including 90% of the flux
of light emitted from the light source 110. A third angle
θ3 means the angle between the optical axis 112 and an
extension line LP4 of light LP2 that is refracted at the first
bottom surface 122A or 122B and directed to the top
surface TS. At this time, in the embodiment, the second
angle θ2 may be greater than the third angle θ3.
[0045] As described above, when the distance d is
smaller than the first width W1, that is, when the second
angle θ2 is greater than the third angle θ3, the light LP1,
which is emitted from the light source 110 and introduced
to the first bottom surface 122A or 122B of the lens 120A
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or 120B, may be more greatly refracted at the first bottom
surface 122A or 122B, thereby being directed to the top
surface TS of the lens 120A or 120B. At this time, the
light LP1, reaching the top surface TS, may be reflected
in the lateral direction (e.g., in the x-axis) to thereby be
emitted from the lens 120A or 120B. Accordingly, a great-
er amount of light may be emitted in the x-axis, which is
the lateral direction, than the y-axis which is the upward
direction of the light emitting device 100A or 100B, there-
by enabling a reduction in the thickness T1 of the lens
120A or 120B.
[0046] Meanwhile, the upper part UP of the lens 120A
or 120B may include a second recess R2. The second
recess R2 may be formed in the optical-axis direction so
as to be opposite to the lower part LP. The top surface
TS of the lens 120A or 120B may define the second re-
cess R2 and may be tapered to the optical axis 112.
[0047] In addition, in the cases of FIGs. 2 and 3, al-
though each of the first and second recesses R1 and R2
is illustrated as being symmetrical in the direction (e.g.,
the x-axis) intersected with the optical-axis direction (e.g.,
the y-axis) with respect to the optical axis 112, the em-
bodiments are not limited thereto.
[0048] In addition, although the first width W1 of the
first recess R1 may be smaller than the second width W2
of the second recess R2 in the direction (e.g., the x-axis)
intersected with the optical-axis direction, the embodi-
ments are not limited thereto. Here, although the width
of the second recess R2 has been described as being
the greatest width of the second recess R2, i.e. the sec-
ond width W2 which is the width of the top surface TS of
the lens 120A or 120B, the embodiments are not limited
thereto.
[0049] In addition, although the side surface SS of the
upper part UP and the lower part LP of the lens 120A or
120B may be flat, the embodiments are not limited there-
to. That is, in another embodiment, the side surface SS
may have a protrusion (not illustrated) in order to facilitate
easy grip of the lens 120A or 120B in the manufacturing
process of the lens 120A or 120B.
[0050] In the case of the light-emitting device 100A or
100B described above, the first bottom surface 122A or
122B serves to refract the light LP1 which is emitted from
the light source 110 and introduced thereto. At this time,
the first bottom surface 122A or 122B may have a first
radius of curvature that is suitable for refracting the inci-
dent light LP1 toward the top surface TS of the lens 120A
or 120B. In addition, the top surface TS of the lens 120A
or 120B may have a second radius of curvature that is
suitable for reflecting the light LP2, which is refracted by
the first bottom surface 122A or 122B and introduced
thereto, toward the side surface SS of the lens 120A or
120B.
[0051] That is, the light LP1 emitted from the light
source 110 may be introduced to the first bottom surface
122A or 122B to thereby be refracted at the first bottom
surface 122A or 122B, the light LP2 refracted at the first
bottom surface 122A or 122B may be reflected by the

top surface TS, and the light LP3 reflected by the top
surface TS may be emitted from (or pass through) the
side surface SS. As described above, the light-emitting
device 100A or 100B may emit light in the lateral direction
(e.g., the x-axis) intersected with the optical-axis direction
(e.g., the y-axis) through the use of the lens 120A or 120B.
[0052] The light-emitting device 100A or 100B accord-
ing to the above-described embodiments may be applied
to various fields. For example, the light-emitting device
100A or 100B may be applied to a backlight unit.
[0053] Hereinafter, a backlight unit 200 according to
an embodiment will be described with reference to the
accompanying drawings.
[0054] FIG. 4 is a sectional view of the backlight unit
200 according to the embodiment.
[0055] The backlight unit 200 illustrated in FIG. 4 may
include the light source 110, the lens 120A, an upper
plate 210, and a lower plate 220. Here, the light source
110 and the lens 120A respectively correspond to the
light source 110 and the lens 120A illustrated in FIG. 2,
and thus are designated by the same reference numer-
als. A repeated description thereof will be omitted here-
inafter.
[0056] In another embodiment, the backlight unit 200
may include the lens 120B illustrated in FIG. 3 instead
of the lens 120A illustrated in FIG. 2. Thus, the following
description related to the backlight unit 200 may be ap-
plied in the case where the backlight unit 200 includes
the lens 120B illustrated in FIG. 3.
[0057] The upper plate 210 may be disposed above
the lens 120A such that light emitted from the light source
110 finally reaches the upper plate 210 after passing
through the lens 120A. The upper plate 210 may have a
constant thickness. For example, the upper plate 210
may include at least one of a diffuser plate, a prism sheet,
or a polarizer plate.
[0058] In addition, the lower plate 220 may be disposed
under the light source 110 and the lens 120A so as to
support the two 120A and 110, and may have a constant
thickness. The lower plate 220 may include at least one
of a reflective sheet, a printed circuit board (PCB), or a
radiator plate.
[0059] The separation distance T2 between the upper
plate 210 and the lower plate 220 in the direction of the
optical axis 112 may correspond to the thickness of the
backlight unit 200. Although the thickness T2 of the back-
light unit 200 may be 10 mm or less, the embodiment is
not limited thereto.
[0060] The backlight unit 200 illustrated in FIG. 4 is
merely given by way of example, and of course, the light-
emitting devices 100A and 100B illustrated in FIGs. 2
and 3 may be applied to backlight units having different
configurations from that illustrated in FIG. 4.
[0061] Meanwhile, the characteristics of the lens 120A
or 120B will be described below with reference to the
accompanying drawings. The following description may
also be applied in the same way in the case where the
backlight unit 200 illustrated in FIG. 4 adopts the lens
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120B illustrated in FIG. 3 instead of the lens 120A illus-
trated in FIG. 2. For convenience, in order to set the target
value of the intensity of light to be emitted from the side
surface SS of the lens 120A, an imaginary target illumi-
nance plane 230 is illustrated in FIG. 4. Here, the target
illuminance plane 230 may be defined as a vertical plane
located at a point spaced apart from the optical axis 112
by a prescribed distance L (i.e. a plane parallel to the
optical axis 112). The prescribed distance L may be de-
fined as the distance in the x-axis between the optical
axis 112 and a point P2 at which the light emitted from
the light source 110 reaches the upper plate 210 at an
illuminance of 50% after passing through the lens 120A.
In addition, the height T2 of the target illuminance plane
230 may be defined as the separation distance between
the upper plate 210 and the lower plate 220.
[0062] The size of the lens 120A may be determined,
for example, by using the following Equation 2, which is
derived from the following Equation 1. 

[0063] Here, n is the index of refraction of a medium,
SL is the area of an orthographic projection plane 130
which is acquired by projecting the lens 120A in the di-
rection (e.g., the x-axis) intersected with the optical-axis
direction (e.g., the y-axis) with reference to FIGs. 1A and
4, SC is the light-emitting area of the light source 110,
and the fourth angle θ4 is the radiation angle of light emit-
ted from the lens 120A. Specifically, the fourth angle θ4
may be half of the radiation angle observed when light
emitted from the orthographic projection plane 130 is in-
troduced to the target illuminance plane 230.
[0064] SL may be represented by the following Equa-
tion 3 through the use of Equation 1 and Equation 2. 

[0065] Here, W3 is the third width of the lens 120A in
the Z-axis with reference to FIG. 1A. The height T1 of
the orthographic projection plane 130 corresponds to the
thickness of the lens 120A in the optical-axis direction. It
will be appreciated that the area SL of the orthographic

projection plane 130, i.e. the size of the lens 120A is
determined by the height T1 and the third width W3 in
the Z-axis which is perpendicular to the optical-axis di-
rection.
[0066] Although the fourth angle θ4 described above
is proportional to the height (or thickness) T2 of the target
illuminance plane 230, but may be inverse-proportional
to the prescribed distance L between the target illumi-
nance plane 230 and the optical axis 112. The fourth
angle θ4 may be within a range from 1° to 15°, and for
example, may be within a range from 3° to 12° and, more
particularly, may be within a range from 4.5° to 8.5°.
[0067] FIGs. 5A and 5B are graphs illustrating the area
SL of the orthographic projection plane 130 relative to
the area SC of the light source 110. The horizontal axis
represents SC, and the vertical axis represents SL.
[0068] FIG. 6 is a graph illustrating the height (or thick-
ness) T1 of the lens 120A relative to the area SC of the
light source 110. The horizontal axis represents SC, and
the vertical axis represents the thickness T1 correspond-
ing to the height of the lens 120A.
[0069] The relationship between SC and SL according
to variation in the fourth angle θ4 will be appreciated with
reference to FIG. 5A, and the relationship between SC
and SL according to variation in the second and fourth
angles θ2 and θ4 will be appreciated with reference to
FIG. 5B.
[0070] Referring to FIGs. 5A and 5B, it will be appre-
ciated that SL increases as SC increases. Accordingly, it
will be appreciated that it is necessary to increase the
size of the lens 120A as the light-emitting area SC of the
light source 110 increases. That is, as exemplarily illus-
trated in FIG. 6, it will be appreciated that the thickness
T1 of the lens 120A increases as the light-emitting area
SC of the light source 110 increases. Accordingly, in the
embodiment, the light-emitting area SC of the light source
110 may decrease in order to decrease the thickness T1
of the lens 120A.
[0071] FIG. 7 is a graph illustrating normalized total
power (or intensity of radiation) relative to the thickness
T1 of the lens 120A. The horizontal axis represents the
thickness of the lens 120A, and the vertical axis repre-
sents the normalized total power.
[0072] The thickness T1 of the lens 120A may be ap-
propriately selected according to the thickness T2 of the
backlight unit 200. At this time, it will be appreciated with
reference to FIG. 7 that the intensity of light emitted from
the light-emitting device 100A or 100B or the backlight
unit 200, i.e. the total power is changed based on the
thickness T1 of the lens 120A. Accordingly, the thickness
T1 of the lens 120A may be selected from a range A3 in
which variation in normalized total power is small. The
thickness T1 of the lens 120A may decrease, for exam-
ple, to a range from 4.5 mm to 7 mm, while achieving
minimum variation in normalized total power.
[0073] FIG. 8 is a graph illustrating normalized total
power (or intensity of radiation) relative to the separation
distance D between the first and second recesses R1
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and R2 in the direction of the optical axis 112. The hori-
zontal axis represents the separation distance D, and the
vertical axis represents the normalized total power.
[0074] The first and second recesses R1 and R2 may
have the greatest depth on the optical axis 112, and may
control the intensity of radiation of light emitted in the y-
axis, which is the upward direction of the lens 120A, ac-
cording to the separation distance D at the optical axis
112 between the first recess R1 and the second recess
R2. The intensity of radiation of light emitted from the
side surface SS of the lens 120A decreases as the nor-
malized total power increases, which may cause deteri-
oration in the performance of the light-emitting device
100A or 100B or the backlight unit 200 including the
same. In consideration of this, the separation distance D
may be selected from a range in which variation in nor-
malized total power is small. For example, it will be ap-
preciated with reference to FIG. 8 that the separation
distance D may be within a range from 1 mm to 4.7 mm,
which corresponds to the range R in which variation in
normalized total power is small. When the separation dis-
tance D is set to this value, the thickness T1 of the lens
120A may decrease.
[0075] FIG. 9 is a graph illustrating normalized total
power (or intensity of radiation) relative to the first angle
θ1. The horizontal axis represents the first angle θ1, and
the vertical axis represents the normalized total power.
Here, CD is the change point of the first angle θ1.
[0076] Since the intensity of radiation of light emitted
from the side surface SS is controlled according to the
first angle θ1 of the inclined side surface SS of the lens
120A, the first angle θ1 may be selected from a range in
which the total intensity of radiation has a high value.
Referring to FIG. 9, the first angle θ1 may be determined
so as to be higher than the threshold range TH in which
the total intensity of radiation is 90% or more. The first
angle θ1 may be, for example, within a range from -10°
to +10°, in order to increase the total power which is the
intensity of radiation of light emitted from the light-emit-
ting device 100A when the thickness T1 of the lens 120A
is reduced.
[0077] FIG. 10 is a graph illustrating the full width at
half maximum (FWHM) relative to the first angle θ1. The
horizontal axis represents the first angle θ1, and the ver-
tical axis represents the full width at half maximum
(FWHM).
[0078] The full width at half maximum (FWHM) is re-
lated to the separation distance L between the target il-
luminance plane 230 and the optical axis 112. In addition,
the full width at half maximum (FWHM) may play a crucial
role in determining the distance L in the backlight unit
200, and may require a value of 50 mm or more. Referring
to FIG. 10, it will be appreciated that the first angle θ1
having the full width at half maximum of 50 mm or more
has a positive value rather than a negative value. In con-
sideration of this, the first angle θ1 may be within a range
from 0° to 10°. Accordingly, in the embodiment, as ex-
emplarily illustrated in FIG. 3, the full width at half maxi-

mum (FWHM) may increase as the first angle θ1 of the
inclined side surface SS of the lens 120B is adjusted to
have a positive value.
[0079] FIG. 11 is a graph illustrating the thickness T2
of the backlight unit 200 relative to the fourth angle θ4.
The horizontal axis represents the fourth angle θ4, the
left vertical axis represents the thickness T2, and the right
vertical axis represents the transverse width of the lens
120A.
[0080] The smaller fourth angle θ4 allows light to
spread farther in the x-axis which is the lateral direction
of the lens 120A, which is advantageous in reducing the
thickness T2 (also designated by reference numeral 180)
of the backlight unit 200. However, the lens 120A requires
a great area in order to spread light farther in the lateral
direction thereof. At this time, when the transverse width
(e.g., W3) (also designated by reference numeral 182)
of the lens 120A increases, it is not necessary to increase
the height of the lens 120A, and therefore the thickness
T2 of the backlight unit 200 may relatively decrease. Re-
ferring to FIG. 11, it will be appreciated that the thickness
T2(also designated by reference numeral 180) of the
backlight unit 200 and the transverse width 182 of the
lens 120A vary differently according to variation in the
fourth angle θ4.
[0081] As described above, by varying the character-
istics (e.g., d, D, W1, W3, θ1, θ4, and T1) of the lens
120A or 120B in the light-emitting device 100A or 100B,
not only the thickness T1 or T2 of the light-emitting device
100A or 100B or the backlight unit 200 may decrease but
also the full width at half maximum may increase, which
may ensure even illuminance of the light to be emitted.
[0082] The above-described backlight unit may be ap-
plied to various fields. For example, the backlight unit
may be applied to a display apparatus.
[0083] Hereinafter, a display apparatus according to
an embodiment will be described with reference to the
accompanying drawing.
[0084] FIG. 12 is a perspective view schematically il-
lustrating the display apparatus 300 according to the em-
bodiment.
[0085] The display apparatus 300 illustrated in FIG. 12
may include a front frame 310, a display panel 320, the
backlight unit 200, a first back cover 330, a controller
frame 340, a sub-controller 350, a second back cover
360, and a control module 370.
[0086] The front frame 310 serves to surround the front
surface of the display panel 320. The front frame 310
defines the external appearance of the front surface at
the rim portion which is a non-display area of the display
apparatus 300, i.e. a bezel area. That is, the width of the
front frame 310 may be the width of the bezel area.
[0087] The display panel 320 is disposed at the upper
side of the backlight unit 200. The display panel 320 may
include a lower substrate (not illustrated) and an upper
substrate (not illustrated), which are bonded to face each
other so as to maintain an even cell gap therebetween,
and a liquid crystal layer (not illustrated) interposed be-
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tween the two substrates. The lower substrate may be
formed with a plurality of gate lines and a plurality of data
lines intersecting the data lines. Thin film Transistors
(TFTs) may be formed at the intersections of the gate
lines and the data lines.
[0088] The backlight unit 200 serves to emit light so as
to provide the display panel 320 with background light.
The backlight unit 200 may correspond to the backlight
unit 200 illustrated in FIG. 4. In this case, the upper plate
210 of the backlight unit 200 illustrated in FIG. 4 may
include, as described above, a plurality of optical sheets
to diffuse or process light emitted toward the display pan-
el 320, for example, a diffuser sheet and a prism sheet.
[0089] The first back cover 330 is configured to sur-
round the back of the backlight unit 200 so as to define
the external appearance of the back surface of the display
apparatus 300.
[0090] The sub-controller 350 is fixed to the lower end
of the back surface of the first back cover 330 and serves
to drive the display apparatus 300 upon receiving supply
power and image signals from the control module 370.
The sub-controller 350 serves to drive the display panel
320 and the backlight unit 200 upon receiving the image
signals. The sub-controller 350 is formed to the minimum
size so as to be disposed between the first and second
back covers 330 and 360. In this case, the controller
frame 340 may provide a fixed position for the sub-con-
troller 350, and the sub-controller 350 may be covered
with the second back-cover 360 fixed to the back surface
of the first back cover 330.
[0091] The control module 370 may include a power
supply unit (not illustrated) which receives external power
and converts the received power into drive power re-
quired to drive the display apparatus 300, and a main
controller (not illustrated) which generates image signals
required to drive the display apparatus 300.
[0092] The display apparatus 300 illustrated in FIG. 12
is merely given by way of example, and of course, the
backlight unit 200 illustrated in FIG. 4 may be applied to
display apparatuses having configurations different from
that illustrated in FIG. 12.
[0093] As is apparent from the above description, ac-
cording to the embodiments, a light-emitting device, a
backlight unit including the device, and a display appa-
ratus including the unit may have not only small thick-
nesses but also great full widths at half maximum, which
may ensure even illuminance of light to be emitted.
[0094] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts

and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. A light-emitting device, comprising:

a light source; and
a lens disposed above the light source,

wherein the lens includes:

a lower part having a first recess formed in an
optical-axis direction so as to face the light
source; and
an upper part having a second recess formed in
the optical-axis direction so as to be opposite to
the lower part,
wherein the first recess and the second recess
are spaced apart from each other by a separa-
tion distance within a range from 1 mm to 4.7
mm on an optical-axis.

2. The device according to claim 1, wherein the incli-
nation angle of the side surface is within a range from
0° to 10°.

3. The device according to claim 1 or 2, wherein the
side surface is flat.

4. The device according to any one of claims 1 to 3,
wherein the lens has a thickness within a range from
4.5 mm to 7 mm.

5. The device according to any one of claims 1 to 4,
wherein the first recess and the second recess are
symmetrical with respect to the optical axis in a di-
rection intersected with the optical axis.

6. The device according to any one of claims 1 to 5,
wherein the first recess has a maximum width small-
er than a maximum width of the second recess in a
direction intersected with the optical-axis direction.

7. The device according to any one of claims 1 to 6,
wherein a distance between a deepest point of the
first recess and a light-emitting surface of the light
source in the optical axis is smaller than a maximum
width of the first recess in a direction intersected with
the optical-axis direction.

8. The device according to any one of claims 1 to 7,
wherein the first recess includes:

a first area having an increasing depth with de-
creasing distance to the optical axis; and
a second area located around the perimeter of
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the first area, the second area having a constant
depth.

9. The device according to any one of claims 1 to 8,
wherein the lower part includes:

a first bottom portion having a first bottom sur-
face defining the first recess; and
a second bottom portion adjacent to the first bot-
tom portion, the second bottom portion having
a flat second bottom surface.

10. The device according to claim 9, wherein the light
source has a top surface located under an imaginary
horizontal plane extending from the second bottom
surface.

11. The device according to claim 9 or 10, wherein the
first bottom surface has a first radius of curvature
suitable for refracting light, emitted from the light
source and introduced thereto, toward a top surface
of the lens defining the second recess, and
wherein the top surface of the lens has a second
radius of curvature suitable for reflecting the light,
refracted at the first bottom surface, toward a side
surface of the lens.

12. A backlight unit, comprising:

the light-emitting device according to any one of
claims 1 to 11;
an upper plate disposed above the lens; and
a lower plate disposed under the light source
and the lens.

13. The unit according to claim 12, wherein the upper
plate includes at least one of a diffuser plate, a prism
sheet, or a polarizer plate.

14. The unit according to claim 12 or 13, wherein the
lower plate includes at least one of a reflective sheet,
a printed circuit board, or a radiator plate.

15. A display apparatus, comprising:

the backlight unit according to any one of claims
12 to 14; and
a display panel disposed at an upper side of the
backlight unit.
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